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Which Capital Growth Index for the Paris Residential Market?
Abstract
In this paper we address the issue of measuring price performance for the Paris
residential market. Our main focus is on choosing the appropriate index or indices
capable of efficiently capturing capital growth, capital risk, and identifying the
main risk factors inherent in this specific market.
We identify three existing indices but show that they may not be completely
appropriate to address our main goals. We therefore construct two complementary
repeat sales indices: a Case & Shiller (1987) Weighted Repeat Sales (WRS) index
and a Factorial index using the Baroni, Barthélémy & Mokrane (2001) approach.
We use the CD-BIEN database that contains more than 220 000 repeat sales
transactions for residential properties in the Paris area covering the period 1983-
2001 period.
We estimate these two indices for the Paris and close surrounding area and
compare them to different existing indices: (i) the square metre index provided by
the Chambre des Notaires de Paris and INSEE, (ii) the IPD indices, (iii) the listed
real estate index. Our conclusions yield interesting implications concerning real
estate risk and suggest the construction of jointly using the repeat sales and the
factorial approaches.
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JEL Classification Code: C20, G003
INTRODUCTION
In this paper we are concerned with the issue of measuring the capital appreciation and
associated risk of investing in the Paris residential market. Our main focus is thus on the choice
of the appropriate index or indices capable of efficiently capturing capital growth, capital risk,
and identifying the main risk factors inherent in this market.
In a previous companion paper,1 we have shown how to extract systematic factors for directly
held residential properties in Paris and its immediate surrounding area. The method used
consists of first finding consistent factors (rents, unemployment …) that drive price growth for
repeat apartment transactions. We have shown that our so-called factorial transactions-based
index explains a high proportion of Paris residential capital movements over the 1983-2001
period. The model derived is “explanatory” and normative in the sense that it searches and
highlights the factors that systematically drive Parisian residential prices. It is thus not an index
that captures all capital growth movements, only those movements that can systematically be
explained by a limited number of factors.
To complete the above mentioned index, it appears particularly interesting to compare the
factorial index to a full transactions-based index, as well to other existing price indices for
Paris and its surrounding areas.
As a first step, we briefly describe existing indices and highlight their respective informational
attributes. We then move on to compare the factor index with the one generated using the Case
& Shiller (1987 & 1989) method2. Their method indeed offers some very interesting features
that distinguish it from more traditional indices based on valuation based or price per square
metre indices.
The Case & Shiller index is a transactions-based index, and has been widely used to capture
residential real estate trends in the United-States. Its mechanics are relatively simple to put
through, since it does not require the user to collect individual characteristics for each
transaction, as is the case for hedonic index models. The cost of such relative simplicity is of
course the explicit assumption that the apartments that are repeatedly sold are quality-constant.
                                                
1 Baroni, Barthélémy & Mokrane (2001), thereafter denoted BBM.
2 Case & Shiller (1987).4
Since 1987, this method has been developed and new hybrid3 models have been developed to
include information from transactions that are not repeat-sales. However these methods
necessitate abundant and accurate hedonic information, thus for the sake of comparing our
transactions-based factor model which is based on repeat measures, we will generate a Paris
index based on the standard Case & Shiller methodology.
The paper is organised as follows. In Section 1 we present existing Parisian residential market
indices, and introduce two complementary repeat sales indices. Section 2 contains a description
of the CD-BIEN database. The model and estimation of the WRS Index is given in Section 3,
and the corresponding work is done in Section 4 for the BBM factorial Index. Section 5
contains the discussion and concluding remarks.
1.  PROPERTY RISK ANALYSIS USING INDICES
1.1  Existing property indices for Paris
The study of property as an asset class has led to the elaboration of price indices enabling
relative performance comparison through time. A number of methods may be used to generate
such indices. We can list five different index types:
-  Indices based on transactions price per m²,
-  Valuation based indices,
-  Indices constructed using property share prices,
-  Hedonic transactions-based indices.
-  Transactions-based factor indices that use repeat sales,
The method used to generate the latter type of indices being less well known, we offer to
present the generic underlying model below. The first three indices already exist for France and
are regularly published, at least for the Paris and Ile-de-France markets. We briefly discuss
them now.
1.1.1  The Notaires/INSEE Price Index
The Chambre Interdépartementale des Notaires de Paris (the French notaries) in coordination
with INSEE (the French official statistical institute) computes semi-annually a price index for
second-hand apartments (whose construction dates back at least five years) for the Paris area.
                                                
3 A non exhaustive list includes Goeztmann (1992), Gatzlaff & Haurin (1997), Quigley (1995), Englund, Quigley
& Redfearn (1998), Englund & Quigley (1998), Hwang & Quigley (2002), Meese & Wallace, (1997).5
The sample consists of unoccupied apartments, and the Notaires/INSEE4 index comes in the
form of a weighted price per square metre. The weightings take into account the number of
transactions per local area to eliminate the purely technical issues linked to the variation of the
number of transactions. The overall synthetic index is thus based on 72 sub-indices (layers), in
which each layer corresponds to a consistent sub-sample with assets grouped by location, age
of building (construction before or after 1948), size of asset (2 or more rooms). The formula
















where n represents the number of sub-samples and price / m² is the arithmetic average of the
per square metre prices in sub-sample i.
1.1.2  The IPD France Index
The IPD France index is published annually by the Investment Property Databank. The capital
values used are based on regular estimates by independent property valuers for assets held by
institutional investors (insurance companies, banks, listed and non listed property
companies…). The index construction method consists of gathering a sufficiently large set of
properties and periodically appraising the properties’ market values. The valuation methods
might differ from one valuer to another, but the definition of property market value is now
fairly well standardized in France. By aggregating the values across the whole set of properties
IPD France computes an index reflecting investment property capital growth.5 One should note
however that the annual index presents capital growth from an investor’s point of view and
therefore the formula used by IPD differs slightly from pure capital appreciation since it uses
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4 The INSEE/Notaires method for computing the index has been modified after 1998, and is now based on a
sampling method. The new index also incorporates a hedonic method. The index we use for comparison in this
paper corresponds to the previous method since it is the only one that dates back long enough for our comparison
purpose.
5 The aggregate index values as well as other information sources are available on the website www.ipdfrance.com6
where  (CVt)i is asset i’s capital value at date t,  (Capext)i is the total amount of capital
expenditures outlaid for the asset during the period, and (NIt)i is the asset’s net income during
the period. The IPD France database coverage at end 2001 is 3 900 assets for at overall value of
42 billion euros, of which residential properties represent 27%.
One should immediately mention that the residential assets in the IPD database are in general
whole buildings held by institutional investors. These assets are valued by professional
appraisers, generally on a yearly basis (sometimes on a semester basis, for listed property
companies). What’s more, the valuations are carried out on a “block sales” basis, i.e. as if the
building was to be marketed as a whole and not sold in parts. This sometimes yields interesting
differences as the implied market i.e. institutional investors in the “block sales” assumption and
individual acquirers in the other case are quite different.
1.1.3  Listed Property Companies’ Indices
This type of index is for comparison only since they are based on the weighted values of a set














































IPD Resid. Capital Growth Index
Figure 1: The Three existing indices Notaires/INSEE, IPD Residential Indices & Listed Property Companies
It is computed using the daily prices of the following listed property companies in France:
GECINA, INTERBAIL, KLEPIERRE (CIE FONCIERE), LOCINDUS, SEFIMEG, SILIC,
SIMCO, SOCIETE FONCIERE LYONNAISE, SOGEPARC, UIF, UNIBAIL. The
methodology used to construct this index is similar to the one used to construct equity indices.
                                                
6 The Datastream code for this index is RLDEVEFR.7
1.2  The Difficulty in Capturing Direct Property Risk
As noted above, the Notaires/INSEE index is based on average prices for sometimes quite
heterogonous assets samples from one date to another. One can therefore suspect that a risk
measure solely based on such an index might be biased, even if the market trend is much less
questionable.
Concerning the IPD France index, the main problem in its ability to fully reflect market risk
stems from the fact that it is based on valuations, and not on actual transactions. Brown &
Matysiak (2000) show how such indices suffer from a « sticky values » feature which then
leads to a high degree of index autocorrelation. A sometimes significant fraction of this
autocorrelation comes from the behaviour of valuers, who may be rather unwilling to produce a
value that may be too « far » from the value previously computed the period before. Brown &
Matysiak conclude by pointing out that valuation based indices should be « unsmoothed » to
more accurately reflect market risk and thus be used in portfolio analysis. The reasons for this
smoothing effect are twofold:
-  Valuers periodically revalue assets by simply « adjusting » the preceding valuation and
are reluctant in fully impacting observed market movements.
-  There is often a time lag between the moment relevant market information becomes
public (say a transaction) and the moment this information is actually inputted by the
valuers.
These two elements undoubtedly have an impact when one seeks to measure real estate risk;
their combined effect may lead to a downward bias in risk assessment. A substantial amount of
research has recently been undertaken in the UK7, Australia8, US9, and France10 to establish the
accuracy and reliability of valuations when conducted at regular intervals. Further references
are Cullen (1990), Lizieri and Venmore-Rowland (1991, and 1993), Ward and Wu (1994),
Crosby, Lavers, and Foster (1998). We will come back to this point in the last section.
The listed property companies’ index also has some caveats. Indeed, as pointed out by Shulman
(1986) and Gyourko and Keim (1992), it implicitly contains two different sources of risk: one
is linked to the underlying real estate market (the physical side) and the other is financial and
reflects property share liquidity and demand and supply for property shares on the equity shares
market. Liquidity is indeed important in the sense that direct property is illiquid whereas
property shares clearly benefit from a liquidity premium. The property shares are a part of the
                                                
7 Brown, (1985), Drivers Jonas (1988).
8 Newell and Cashier (1998).
9 See Geltner (1989) as well as Geltner and Gatzlaff (1998). Clayton, Geltner and Hamilton (2001). See also
Miles, Guilty, Webb, and Hunter (1992).
10 Mokrane (2002).8
aggregate capital market and are thus a priori affected by factors that may be different from
those affecting direct property. These comments are clearly illustrated in the figure above
where the Notaires/INSEE and the IPD capital growth indices seem to reflect an altogether
different market than the listed property companies’ index over the 1986-2001 period.
One may temporarily conclude that none of these indices provide a perfect tool with which to
measure direct property risk, indeed a necessary tool for any real estate portfolio manager or
asset liability manager.
1.3  Repeat Sales Indices
1.3.1  The BBM Factorial Index
The factorial index developed by Baroni, Barthélémy & Mokrane (2001), based on an
econometric methodology over a large number of repeat sales, may be seen as a good candidate
for our purpose. However, it suffers from two problems: first it captures systematic factors
affecting direct property returns, and thus may only be used as a measure of systematic capital
risk. Second, BBM (2001) excluded short holding period transactions from their analysis. The
reason for his, as pointed out in their paper, is that statistically, short holding period
transactions exhibited returns that seemed not to react to the same factors as longer period
holding returns.
The factorial model has the advantage of relying on observed variables: rents, unemployment,
and listed real estate. However, even if the model’s structure benefits from predictive power, its
use in measuring historical risk is limited as we have seen. We therefore need a transactions-
based model capable of circumventing the smoothing effect of valuation-based indices. Such
an index is presented in the next section.
1.3.2  The Case & Shiller Methodology
Case & Shiller (1987) generalize the work of Bailey, Muth & Nourse (1963) and thus provide
the first approach of repeat measures methods for construction of real estate indices. The
approach first begins by stating that the price of say good i at date t is a function of four terms:
the good’s quality at date t, the value of the underlying global real estate index at date t, a
random walk variable linked to good i at date t and an error term, here again linked to good i at
date t (modelled as a white noise; idiosyncratic risk).
The main merit of this model based on repeat sales, is that is does not presuppose any
mechanical form for the behaviour of the underlying real estate index. Since 1987, the model
has attracted a lot of attention and has given rise to a number of improvements. For the purpose
of the present paper, we will simply refer to the general methodology and apply the model to9
data for Paris and its surrounding area. A detailed presentation of the model is provided in the
Appendix.
The repeat sales approach, developed by Case and Shiller (1987) is based on the assumption
that building quality stays unchanged between two sales; this can accepted if we consider that
the building quality in mean has not significantly changed as suggested by Thion, Faverger &
Hoesli (2001) in a previous work on a French dataset.
2.  THE CD-BIEN DATABASE
2.1  Brief description of the database
We start by describing a data source that contains repeat sales transactions data. The CD-BIEN
database contains nearly all property transactions signed in front of a notary since 1990 for
Paris and its surrounding area (which include the Hauts-de-Seine, Seine Saint-Denis and Val de
Marne). This market is the most active in France and represents more than a quarter of the
country’s residential property market.
Such a database is unique in Europe. At the end of 2001, it contained more than 890 000
transactions since 1990 and 760 000 for housing sector. It is now updated every quarter. One
very important aspect of this database is that around a quarter (220 680 for housing) are repeat
sales transactions, i.e. for a given recorded transaction, the notary also recorded the price and
the date at which the apartment was previously purchased.
For each transaction in the database, a number of characteristics are given: the location, the
type of property sold (housing, offices, retail…), the type of seller, acquirer, eventually but
unfortunately not always the surface, the floor, …
One may also note that the data provided in the database is not exhaustive, since the average
ratio of the number of recorded transactions and the total number of actual transactions is 70%.
The main reason for this is that not all transactions in this area are recorded in from of a notary
located in the given area. Indeed buyer and seller may agree to record the transaction in another
region.
For a number of transactions, the previous transaction date as well as price is also provided. All
these elements are sourced back to the notaries themselves and can therefore be considered
reliable, except where inevitable keying mistakes do indeed occur. Concerning the prices
provided, they relate to the price on the acquisition act, excluding stamp duty.
2.2  Repeat Measures Transactions
In order to compute the return linked to a repeat sale, one needs the previous transaction date
and price, as well as the corresponding information for the subsequent transaction. We10
therefore extracted all transactions whose resell date was between the 01/01/1990 and
31/12/2001 and whose previous acquisition (date and price) was also included in the database.
The transactions were either residential, office, retail or mixed used (residential &
professional). Of the initial 760 000 recorded transactions for the residential sector, 220 680
corresponded to our criteria (and the first transaction dated back to as early as 01/01/1973).
This represents a proportion of nearly 30% of all transactions. One may assume that this
sample is indeed an unbiased representation of the overall database.
Each transaction will thus have the following characteristics recorded:
-  General location (French « Département »),
-  Registration N°,
-  Transaction location (precise location),
-  Occupied or not,
-  Date 1
st transaction, T1
-  Price 1
st transaction, PT1
-  Resell date, T2
-  Resell price, PT2
The asset’s location is a code that corresponds to a precise area (roughly a block of several
streets). In all, 204 of such location areas are reported in the database. The fact that the
apartment is occupied or not is only given for the resell transaction: a good may be unoccupied,
occupied or partially occupied. This information is difficult to fully exploit since the type of
occupancy is not known at the initial acquisition date.
3.  A PARIS RESIDENTIAL WRS INDEX
3.1  Required Data for the Paris Residential WRS Index
In its original form, the Case et Shiller model enables the elaboration of a real estate index with
the following data available: Acquisition date, T1, Acquisition price, PT1, Resell Date, T2, and
Resell Price, PT2.
By construction, the WRS methodology necessitates a fractioning of time. After inspection of
the data, we have decided on 6-months periods, i.e. yielding a semester index. Such a
fractioning, and given the way the time dummies are constructed, we had to exclude those
repeat transactions whose duration (the time elapsed between the first and second transaction)
was less than 6 months. What’s more, we also could not make use of the transactions whose
initial acquisition date went back before 1990. In all, the number of observations left, 97 229
transactions, was still quite high.11
3.2  The WRS, Notaires/INSEE, and IPD indices
The following graph plots the WRS Paris Residential Index alongside the Notaires/INSEE
Index and the IPD France Residential Capital Growth Index. The latter reflects capital growth
for the Paris and surrounding districts. The graph illustrates both common patterns and
important differences in the way the Paris residential market performance is depicted. Note
immediately that this is a very difficult period for the Paris residential market (the other sectors,
and more particularly the office sector suffered even more so). The market is said to have
recovered only in the last three to four years.
Note that the WRS index behaves broadly in a manner quite similar, but at a much higher
overall level, to the Notaires/INSEE index. One particular point is the year 1993 where the
latter index sees a stabilization of prices, while the WRS sees a temporary market rise. But
overall the two indices seem to be telling the ‘same story’.
Notice the fact that the IPD index started to fall only a year or more after the other two had
started to reflect deep drops in prices. This lag seems also to be carried out over the whole
1990-2001 period. The WRS index points to a lowest point at end 1996, the Notaires/INSEE

































IPD Resid. Capital Growth Index
Figure 2: Paris Residential WRS Index along side the Notaires/INSEE and the IPD Residential Indices
One possible explanation for this is that, as we previously stressed, the IPD database comprises
assets directly held by institutional investors and whose valuations are carried out on a “block
sales” status. This, and the way the valuers interpret the market’s behaviour, may explain why
over the whole period the IPD index is both the lowest return performer and the second most
volatile.12
The following table contains historical returns (arithmetic) and volatility (standard deviation of
returns) for the three indices over the period covered:
Table 1: Estimated annual return and standard deviation for July 1990 - July 2001 (in %)
4.  ENTERS THE BBM FACTORIAL INDEX
4.1  Model Description
To complete our analysis of the possible alternative indices for the Paris residential market, let
us now introduce the BBM factorial Index and compare it with the three depicted above.
This model was first introduced by BBM to capture macroeconomic and financial factors that
“systematically affect” residential prices. The model’s equations seem to adopt the same type
of approach as the multifactor Abritrage Pricing Model, but the major distinction is that we do
not impose a “no arbitrage” condition or any form of a priori efficiency, but simply a
systematic relationship, which can then be used to “synthesize” a price index based on the
identified factors. The model is the following:
LnRis i j Ln
j
k
Fjs ii () () () =+
=
+  αβ ε
1
(3)
where LnRis is the log of the total semestrialised return of transaction i, α the regression’s
constant term, FjS(i) represents the semestrialised return of factor Fj during period [T1, T2] that
separates good i’s two transactions, β j is the factor loading of the j
th factor LnFjS, and finally
ε(i) is the error term which is assumed to follow a normal distribution with 0 expectation and
variance  σ
2(i). Error terms are also assumes to be independent. To correct for





with duration(i) = T2(i)- T1(i).
                                                
11 The IPD Index being annual, we have used the original annual data for the computations, whereas we have used
the semi-annual return data for the other two indices and annualised the results.
In % Notaires/INSEE
IPD Residential
Capital Growth11 WRS Index
Geometric Mean -0.61 -0.97 0.99
Average return -0.43 -0.86 1.06
Standard deviation 6.42 4.71 3.9413
4.2  Estimations
The following graph represents the distribution for variable LnRis. As noted in our previous
paper, there very clearly appears a “peak” around the value of zero. This points to a singular
form of resell behaviour in which an “abnormal” number of transactions cluster on
observations whose the resell price equals the acquisition price (this interesting feature
represents almost 10% of repeat transactions). Even if it is beyond the scope of the present
article to probe deeper into this phenomenon, one may signal that this form of seller behaviour
has been recently documented for in a similar environment in a recent paper by Genesove and
Mayer (2001).










Figure 3: Histogram for LnRis - 1973-2001 period
Using a total of 199 177 repeat sales measures, and using the BBM method, we identify four
systematic factors for the period 1973-2001. They are, in log indexed semester growth: rent
levels, unemployment, listed real estate, and a factor for the Ile-de-France Region population.
The estimated model, with an adjusted R-square12 of 39,5%, is the following:
Model Coefficient Standard error Student t-statistic
Constant -0.005 0,001 -5,174
LN(Rent) 3.105 0,041 75,359
LN(Unemply) -0.525 0,011 -47,054
LN(Listed RE) 0.088 0,004 25,035
LN(Population) 5.714 0,141 40,562
Table 2: The BBM Factorial model estimated coefficients (01/01/1983-31/12/2001)
                                                
12 We know, as mentioned in Greene that «  there is no precise counterpart to the R-square measure in the
generalized regression model ». As there is no constant in the model, the centered R2 is not appropriate, and we
may use the uncentered R2 (53%).14
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Hence, for every period t one simply computes the desired index using the standard formula:
  Index(t) Index(t 1) Return(t) =− ×
The time interval is the semester, the value for date 0 is January 1973, and Index(0) = 100.
Now, we may compare our index to the other existing indices (Notaires/INSEE, IPD France
residential capital growth, Listed property, and WRS). Since they do not all start at the same
date, we will focus our attention on the following sub-periods: 1990-2001 and 1983-2001 (the
latter encompassing the Paris market bubble).
4.3  Indices comparison (period 1990-2001)
The following graph plots the Factorial Index alongside the previously analyzed three indices

































IPD Resid. Capital Growth Index
BBM Factorial Index
Figure 4: The Four Capital Growth Indices Paris Residential
Clearly the two existing indices for direct residential property investment in Paris seem to be
more volatile than either the WRS index or the factorial index which are both based on repeat
measures transactions. As witnessed in the following table, the IPD Residential Capital Growth
Index is the one exhibiting the highest volatility. This is quite understandable given the fact15
that it captures systematic as well as idiosyncratic risk for “block units”, i.e. in a much thinner
market than the unit apartment market. In terms of volatility, the IPD Index is closely followed
by the Notaires/INSEE index of average prices, which, over the whole period, negatively
performs on average.
The factorial index is the least volatile of all. The interpretation of this phenomenon may be
that in ‘normal’ circumstances apartment prices seem to follow a dynamic that is quite
satisfactorily captured by well identified factors (rents, unemployment, interest rates), whereas
the relationship seems to break down in abnormal situations, and we had previously stressed
that the period encompassing the early 1990s was indeed a rather abnormal one.
The following table contains historical returns (arithmetic) and volatility (standard deviation of
returns) for the three indices over the period covered:
In % Notaires/INSEE IPD Residential
Capital Growth13 WRS Index BBM Factorial
Index
Geometric Mean -0.61 -0.97 0.99 1.30
Average return -0.43 -0.86 1.06 1.36
Standard
deviation
6.42 4.71 3.94 3.84
Table 3: Estimated annual return and standard deviation for the four indices (July 1990 - July 2001)
During the period July 1991 to July 1995, which professional investors term the market crisis,
the differences between the WRS and the factorial indices is even more apparent. The
underlying market factors (rents and unemployment) are unable to explain the crisis. The
factorial index levels are relatively stable during that particular period, whereas the WRS index
captures the severity of the downturn. One notable feature which is present in the WRS index
and absent in the Notaires/INSEE index is the reaction that appears during the year 1993.
After that particular rebound, the factorial and WRS indices seem to again behave in a rather
similar way, although we notice WRS index seems to be more reactive to the market moves
than the factorial. The fact that this rebound period is absent from the Notaires/INSEE index
points to the fact that it is no-repeat transactions that have aggravated the downturn and made
the crisis last longer. In other terms, it looks as if long-term investors (holding periods longer
than 20 years) accepted selling properties at rather low prices.
                                                
13 The IPD Index being annual, we have used the original annual data for the computations whereas we have used
the semi-annual return data for the other two indices and annualised the results.16
The WRS model is by construction sensitive to the number of transactions in any given time
period. The index produced using this method is more volatile than the factorial index and is
clearly useful in capturing market behaviour in periods where the factors seem to be unable to
explain observed price variability.
The WRS index seems to be particularly moving during the period 1990 to 1994, a period for
which neither the factorial nor the INSEE/Notaires indices seem to experience such moves.
Note here that the IPD France capital growth index appears to clearly capture the market trends
and seems to be rather “closer” to the factorial index than to the WRS index.
4.4  The Longer View (period 1983-2001)
Since the Factorial Index can be computed to date back to early 1983, it seems interesting to
analyse the way it behaved relatively to the Notaires/INSEE and the Listed Property Index in
the long run (Figure 6). The French property market experienced a severe downturn in the early
1990s, preceded by a very steep price rise. This phenomenon appears quite clearly in the
Notaires/INSEE index, whereas the factorial index, even if it indeed plots a handsome rise






























Figure 5: A Longer Historical Perspective
As seen in the preceding graph, to a large extent, the price rise preceding the market crisis does
not appear in the factorial model. This phenomenon thus appears to be clearly attributable to
market participants during that particular period. Finally, it is quite interesting to note that the









Average return (%) 5.99 7.46 5.13 7.81
Standard deviation (%) 5.89 17.10 5.19 28.97
Sharpe Ratio14 0.125 0.144 0.025 0.097
Table 4: Estimated average return and standard deviation capital growth (01/01/1983-01/07/2001)
Note that the empirical measures of moments yield much higher estimates of the average
capital returns than the estimates provided by the indices. This is probably linked to the fact
that indices incorporate a time series cumulative aspect that is not present in the raw data for
which an x% return in the early 1990s is treated in the same manner as a similar x% return in
the late 1990s.
Finally, note that the listed property companies’ index does not seem to be clearly connected to
the direct holdings indices, except during the period after 1994, where it seems to adopt a
behaviour relatively similar to the one depicted by the WRS index.
5.  DISCUSSION AND CONCLUSION
An initial conclusion is that the factorial index and the Weighted Repeat Sales index are both
very useful but address different questions. BBM’s factorial index exhibits the relevant factors
that generate systematic movements for Paris and suburban residential prices. We have
highlighted the fact that this index is a good indicator of the long term ‘normal’ behaviour of
the market. It ‘tells’ the story of ‘how the market should behave’ according to its long term
relationships with well identified macroeconomic and financial factors. Therefore, it is
inappropriate to correctly capture the market behaviour in situation of crisis and bubbles. One
additional interesting possible use of the Factorial model is its ability to forecast capital returns
under ‘normal’ market conditions. Indeed, if reliable forecasts exist for the model’s factors, and
if the model’s coefficient are stable with time, then the model’s equation can yield return
forecasts.
As for the WRS index, it seems that it may be more suitable to follow precisely market
movements, inclusive of non systematic factors. By construction, it ‘follows’ the way market
prices ‘actually’ do move.
                                                
14 The Sharpe ratio is a standard measure of the risk-return profile of a given risky investment. It is simply
computed as (E(R)-Rf)/σ, where E(R) and σ are the investment’s expected return and standard deviation. The
assumed long run risk free interest rate, Rf, for that period was 5%.18
5.1  Unsmoothing the IPD Capital Growth Index
One additional comment could be made on the IPD Capital Growth Index. As pointed out by
Quan & Quigley (1989, 1991), Geltner (1991, 1993) and summarized in Brown & Matysiak
(2000) as “it can be shown that the optimal updating strategy for valuer is to use a weighted
average of the previous value and the most recent transactions prices. This is a logical
procedure and does not imply any problems concerning valuation methodology or
incompetence amongst valuers.” One interesting implication of this is that it is possible to
“back out” an implied transactions prices index from a valuation based index.
Indeed, without going into too much detail, the starting point is to consider that the current
capital value index CVt provided by property valuers is the weighted average of the unobserved
current transactions price index It and the previous valuation price index
CVt = k × It + (1-k) × CVt-1 (6)
With the weight k being an a priori unknown and constant smoothing parameter. On advantage
of this approach is that equation (6) can be used to back out a profile of implied transactions
returns as follows
It = [CVt - (1-k) × CVt-1]/ k (7)
The next point to make is that there is a straightforward link between parameter k and the serial
correlation in index returns, and since it is suspected that appraisal based indices are smoothed
and thus highly auto-correlated, a straightforward un-smoothing method consists of finding the
value for parameter k that yields an implied index with the desired autocorrelation.
One way of providing a “candidate” autocorrelation is to infer the “standard” autocorrelation
from comparable transactions based capital growth models, such as the Notaires/INSEE or the













0.14 0.69 0.72 0.73 0.79
* Semester returns over the period 1990-2001, **Annual returns over the period 1986-2001
Table 5: Indices’ Serial Correlations
One target “suitable” autocorrelation for the IPD Index could be 0.725, i.e. a value comparable
both to the one measured for the Notaires/INSEE and the WRS indices. The implied smoothing
coefficient is 0.77. The corresponding average annual capital growth is left relatively19
unchanged at 2.12% (compared with 2.04% average return for the original index during that
period15), and the historical annual standard deviation increases from 6.9% to 7.4%. Our point
here is that these unsmoothed values could be useful in institutional investors’ portfolio
decision making processes.
5.2  Summing up
To sum up the characteristics of each index, and their relative strengths and weaknesses, we
have drawn up the following matrix which points out to which index is best suited for possible
practical applications.
Factorial WRS Notaires/INSEE IPD Index Listed RE
Type of  Systematic factors All factors All factors All factors All factors
Risk  Rents but they are  but they are  but they are  but they are 






Low in abnormal periods 
(bubbles…)
High High
High for its market 






volatility since only 
systematic risk measured
OK
Risk of bias due to per 
square meter measures
Yes but with 
unsmoothed values
Reflects a hybrid notion 




Yes for short & medium 
term Nil Nil Possibly via valuation 
Difficult, but maybe 
possible using equity
yields market derivatives
Table 6: Capital Return Comparative Table
To conclude, we believe that a joint use of these market indices can be of great help and will
provide a consistent view of the Paris residential market past performance, historical as well as
future trends, and a fine estimate of its volatility.
                                                
15 The listed property index yielded an average annual return of 2.94%, and the Notaires/INSEE a 5.24% return
over the same period.20
APPENDIX: THE CASE & SHILLER INDEX MODEL
1.  Model Description
The Weighted Repeat Sales (WRS)16 of Case & Shiller (1987) starts by introducing the
« intrinsic » price of good i (i = 1,…, n), pit at date t. By defining  it it Pl n ( p ) =  as the natural
logarithm of the good’s price, at t, and Ii t t = lnbg  as the property index at t, the model states the
following:
it t it it P IHN =+ + (1)
where:
-  it H  is a Gaussian random walk that represents asset i’s own trend. By construction,
EH H it i −= τ 0 and  [] ()
2 2
it i H EH H t τ τσ −= −. What’s more,  it H  is non correlated
with  t I ,  for all i and t.
-  it N  is a white noise, and models the property market’s imperfections. By assumption
[] 0 it EN =  and  []
2 2
it N EN σ = . What’s more,  it N  is uncorrelated with either  t I , or  ' jt H
for all j and all t, except when  et ' ijtt == .
The sale price of asset i Vit is defines as the sum of the asset plus it quality. By denoting Qit the
quality of asset i at date t, we have:
V P Q it it it =+
The difference in value for asset i between date t and τ  can we written as:
it i it i it i it i it i VV I I QQ H H N N ττ τ τ τ −=−+−+− +−
which becomes, when one assumes that the asset’s quality is unchanged17 :
it i it i it i it i it i VV PP I I H H N N ττ τ τ τ −=−=−+− +−
where the terms  it i it i H HNN ττ −+− represent the idiosyncratic terms.
2.  Econometric Modelling
Let us start by restating the asset’s change in value:
                                                
16 The principles of this method date back to Bailey, Muth & Nourse (1963).
17 See Case & Shiller (1987).21
[] (1 ) ( 1 ) it i t it i it i VV I I H H N N ττ τ τ − = × +−× + − + − (2)
2.1 Time Intervals
The overall period of analysis may be sliced into S subperiods:
Periods     1     2     3     4     5          s    s+1        S-1   S
|___|___|___|___|___| … |___|___| … |___|___|
Time     1     τ                          t    T
By aggregating the observations (a buy or sell transaction) by subperiod, one may construct a
discontinuous series. The discontinuity depends on the time length  s s tt −  (what’s more the
quality of the resulting index will in fact depend on the number of observations ns for each sub
period s). Hence, for every transaction i, the relationship given in (2) may be approximated by18
when using S sub periods:
1
S
it i s is it i it i
s
VV DH H N N ττ τ
=
−=Φ + − +− 
where 
1 If  ( ) ,
1 If  ( ) ,




D it t τ




with  () i τ  and  () ti the acquisition and resell dates of asset i.  Φs  is the parameter to be
estimated.
Note that if two distinct transactions i’ and i are such that  , s s tt τ   ∈  and  , s s tt t  ∈ , the value
for Di’ will be identical to Di.
2.2 Model Details
Denote by  i ε  the error term associated to asset i. One refers to date () τ  for the acquisition date
and to () t  as the resell date (recall that  it i it i H HNN ττ −+−). To estimate the price index, we





it i s is i
s
in V V D τ ε
=
∈− = Φ + 
                                                
18 Note that by construction we will include transaction i in our analysis only if  () i τ  and  () ti∉  , s s tt   .
19 The dependent variables of Dis  are perfectly colinear (they sum up to 0). What’s more the model is without a
constant.22
hence, for all s = 2, ..., S, the value  ˆ
s Φ  will be an estimator for Is, i.e. an estimator of the
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Denote by D the matrix containing the last S-1 columns (sub periods) of the above matrix, Φ is
the vector, of dimension S-1, of parameters to be estimated (for our index) and finally R the
vector or log returns. The model is thus simply:
,w h e r e ~ (, ) =Φ + Σ RD N εε 0 (3)
The form of the variance-covariance matrix being quite particular, only the diagonal is non null
(refer to the assumptions temporal and cross section correlation).
2.3 Estimation steps
The model’s estimation is based on three step ordinary least square regressions.
Step 1
The variance-covariance matrix Σ being unknown, the first step is to obtain a consistent
estimator of the error terms  i ε  by running the following regression:
2 ,w h e r e ~ (, I ) RD Nσ =Φ + εε 0 (4)
Step 2
The second step consists in regressing the residuals’ squared values () ˆ ² i ε  on a constant and on
variable20  t −τ bg , in order to obtain estimated values of 
2




2 ˆ () () i ab t i i r e s ετ =+ − +
This regression enables us to identify the variances of our two random variables, since:
                                                
20 This variable represents the holding period duration and it is expressed in the same unit as the original time unit
of the data.23
() []
2 2 ˆ () ( ) ii t i t VV II ττ ε =− − −
Given the original specification, we may also write:
[]
2 22 () ( ) ( ) ( ) 2 ( ) ( ) i t i t i ti i ti i tii ti P PI I H H N N H H N N ττ τ τ τ τ −− − = − + − + × − −
thus :
[] [ ] ()
2 22 ( ) ( ) () () () () it i t it i it i it i it i EP P I I EH H EN N E H H N N ττ τ τ τ τ   −− − = − + − + − −  
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  =− +−  
   =− + + −   
=− +−
=+ −
This shows how the regression of the squared residuals on a constant term and on a time
variable  t −τ bg  enables us to estimate values for 
2
N σ  and 
2
H σ  given by 
2 ˆN σ  and 
2 ˆH σ  obtained by
the following equation
() [] []
2 22 ˆ ˆ ˆˆ ˆ 2 () () 2 () () iN H ab t i i t i i ετ σ σ τ =+ − = + −
Using these values, we may then estimate matrix Σ of model (1). Indeed, given the fact that
only the diagonal terms are non zero, one has21 
[]
22 ˆ ˆˆ 2( ) ( ) ii N H ti i σσ τ Σ= + − (5)
Step 3
The third step consists in re-estimating model (3), but by using the estimated values for the
variance-covariance. The procedure consists of using weighted least squares in which the
diagonal terms of the variance-covariance matrix of the errors terms vector ε  are the values
given in (5).
3.  Index Construction
The estimate of the index will depend on the way the time period is subdivided in sub
periods22. We typically obtain period values for the WRS index (month, semester…) depending
                                                
21 Recall that this estimation is different for each transaction i whenever the transactions dates  () i τ  and  () ti
differ.
22 Transactions i take place over T units of time (weeks, months, quarters…). It is therefore equivalent to either
specify the number of periods S or the time length of the period in units (the smallest period being the one
contained in the original transactions data).24
on the value chosen for S23. Whatever  ˆ 2, , , =Φ  s sS  will be the estimator for the log of the
index s I .
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and may be rewritten as:

'' ' ˆˆ l n ( / ) - , i f   () , , () , ,a n d   ' 1 it i s s s s s s pp t i t t i tt s τ τ    =Φ Φ ∈ ∈ >   
By construction for two transactions i and i’ where  '' , s s tt τ   ∈  and  , s s tt t   ∈ , the estimate of
the log-return is similar,  
'' '' ln( / ) ln( / ) it i i t i p pp p ττ = . The log-return of the index over the same
period of time (between s and s’) is similar. Hence, for  '2 s = ,

22 ˆˆ ln( / ) - is i s pp=Φ Φ
This in turn gives the result for the index:
2 ˆˆ
2
ˆ 100 , 3, ,
with the initial reference being  100
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